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(57) ABSTRACT 

Welding of tWo or more steel sheets, at least one of Which 

has a protective layer of a material With a 10W vaporization 
temperature, is carried out by directing a laser beam on tWo 

overlapped ?anges of the sheets, Which are clamped in 
position during Welding by means of clamping devices. 
These clamping devices are able to hold the ?anges to be 

Welded in a slightly spaced apart position from each other, 
so as to create a gap, Which does not jeopardize the possi 

bility of carrying out the Welding While enabling evacuation 
of the vapours of the protective material, Which are gener 
ated during Welding. 
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FIG. 5 

FIG. 4 
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FIG. 6 
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METHOD AND SYSTEM FOR LASER WELDING 
OF TWO OR MORE OVERLAPPED METAL 
SHEETS, AND DEVICE FOR CLAMPING THE 

SHEETS USED IN THIS METHOD 

[0001] The present invention relates to a method and a 
system for laser Welding of overlapped metal sheets. 

[0002] The Welding of overlapped metal sheets by means 
of a laser beam has been proposed since a long time, 
particularly in the automotive industry, for the production of 
motor vehicle bodies or parts thereof, in vieW of the more 
conventional electric spot Welding technique. After a ?rst 
increasing spread of the laser Welding technique approXi 
mately starting from 1990 (see for eXample European Patent 
EP-B-0 440 001 in the name of Comau), the application of 
this technology in the automotive industry has seen a stop 
due to the increasing use of car bodies made of Zinc-plated 
sheets, i.e. sheets coated With a Zinc protective layer, for 
instance deposited by galvaniZation. Zinc has a melting 
temperature of 419° C. and evaporiZation temperature of 
906° C., Whereas this steel constituting sheet typically has a 
melting temperature around 1,530° C. To Weld the sheets it 
is necessary to bring the steel of Which they are formed to 
melt, Which means that Welding is carried out in the presence 
of Zinc vapours. In the case of electric spot Welding, these 
vapours do not give rise to any substantial draW-backs, since 
the steel of the sheets starts to melt at the contact area 
betWeen the sheets (because this area is that having the 
highest electric resistivity) and since the Welding electrodes 
also apply a pressure on the sheets, Which causes evacuation 
from the sheet contact area of any quantities in eXcess of 
melting bath and Zinc vapours. In the case of laser Welding, 
instead, the melting bath starts to be formed at the outer 
surface of the sheet against Which the laser beam is directed. 
As soon as the area of the melting bath, Which typically 
assumes a keyhole-like shape, eXtends doWn to the contact 
area betWeen the sheets, the Zinc vapours, Which have been 
created meanWhile at this area, escape outWardly passing 
through the route of loWer resistance, Which is represented 
by the melting bath itself. Therefore, sprays of melted metal 
are created, Which jeopardiZe the quality and stability of the 
Welded joint, as Well as the aesthetical appearance of the 
product obtained. 

[0003] Various solutions have been already proposed in 
the endeavour to overcome the above-mentioned draW-back. 
A ?rst solution lies in modifying the shape of at least one of 
the sheets in the Welding area, so as to de?ne a gap betWeen 
the overlapped sheets, Which can be eXploited by the Zinc 
vapours to escape outWardly (see for example US. Pat. No. 
4,682,002 and US. Pat. No. 4,916,284). A similar solution 
lies in providing spacing elements betWeen the sheets, again 
in order to de?ne a gap for evacuation of the Zinc vapours 
(WO-A-99/08829, JP-A-531855). HoWever all the above 
mentioned knoWn solutions have the draW-back to require 
an additional operation With respect to the conventional 
Work cycle, since it is necessary to form the above-men 
tioned spacing portions in the sheets or anyhoW to apply 
additional spacing elements, Which increases time and cost 
of production. 

[0004] The object of the present invention is to overcome 
the above-mentioned technical problem in a simple and 
ef?cient manner. 
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[0005] In order to achieve this object, the invention pro 
vides a method for laser Welding of tWo overlapped metal 
sheets, 

[0006] Wherein at least one of the sheets has a pro 
tective layer on its surface in contact With the other 
sheet, said protective layer being made of a material 
having a vaporiZation temperature loWer than the 
melting temperature of the metal forming the sheet, 

[0007] Wherein the sheets to be Welded are clamped 
With each other during the Welding operation With 
the aid of clamping means, and 

[0008] Wherein Welding is carried out by directing a 
laser beam to the area to be Welded of the clamped 
overlapped sheets, 

[0009] characteriZed in that Welding is carried out by 
holding the sheets slightly spaced apart from each 
other at the Welding area by means of said clamping 
means, so that the vapours of protective material, 
Which are created during Welding can escape through 
the gap de?ned by the tWo sheets. 

[0010] In other Words, the basic idea of the invention goes 
against a technical prejudice, Which can be found in the 
knoWn art. In all the knoWn Welding systems of the above 
mentioned type, indeed, clamping means are provided, 
Which are for clamping the sheets in position during the 
Welding operation. The prejudice mentioned above lies just 
in that the clamping means Were alWays conceived to press 
the sheets in contact against each other in order to enable 
Welding to be carried out. In the case of the invention, 
instead, the clamping means for clamping the sheets in their 
operative condition do not press the sheets against each 
other, but rather hold the sheets in a slightly spaced position 
relative to each other. Studies and tests conducted by the 
applicant have shoWn that this slight spacing does not 
jeopardiZe the possibility to obtain a Welded joint of good 
quality, since in the Welding area the gap betWeen the tWo 
sheets is ?lled by the bath of metal melted by the laser beam. 
At the same time, the gap betWeen the sheets immediately 
adjacent to the Welded areas enables the Zinc vapours, Which 
are created during the Welding operation, to escape out 
Wardly With no need to pass through the melted bath and 
therefore Without giving rise to any of the above-mentioned 
Welding defects. 

[0011] According to the invention, at least one of the 
sheets is Welded in said condition spaced apart from the 
other sheet With the aid of holding means forming part of 
said clamping means. The holding means are for instance 
selected among vacuum cups or magnetic-type holding 
means. 

[0012] In the preferred embodiment of the invention, the 
said clamping means include a support de?ning a reference 
and supporting surface for a ?rst sheet, and a clamping 
member, Which is movable With respect to the support 
betWeen an inoperative position and an operative pre-deter 
mined position, in Which said movable member de?nes a 
reference and supporting surface for the second sheet, the 
supporting surface on the movable member facing in this 
operative condition, the supporting surface on the support 
and being spaced apart therefrom of a length greater than the 
sum of the thickness dimensions of the sheets to be Welded. 
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[0013] Also according to the invention, both the sheets are 
initially positioned, overlapped With each other, on the 
reference and support surface of the support, With the 
clamping movable member in its inoperative position, 
Whereupon the clamping movable member is moved to its 
operative position so as to bring the support surface of the 
movable member in front of that of the support, With the 
second sheet still resting on the ?rst sheet and spaced from 
the support surface of the movable member. The second 
sheet is ?nally grasped and brought against said support 
surface of the movable member With the aid of said holding 
means, so as to move the second sheet aWay from the ?rst 
sheet. The holding means are able to hold the tWo sheets in 
this spaced-apart position While the Welding operation is 
carried out, so as to obtain the advantages Which have been 
mentioned above. 

[0014] Naturally the invention is also directed to the 
Welding system using the method according to the invention, 
said system comprising clamping means for clamping the 
sheets to be Welded in position during the Welding operation, 
and means for directing a laser beam to the Welding area of 
the clamped overlapped sheets. As already indicated above, 
the clamping means are arranged for holding the sheets 
slightly spaced apart from each other at the Welding area 
during the Welding operation. To this end, as indicated 
above, the clamping means include holding means selected 
among vacuum cups, magnetic-type means or the like, to 
hold at least one of the sheets in its condition spaced from 
the adjacent sheets. Also according to What has already been 
indicated, in the preferred embodiment, the clamping means 
comprise a support and a clamping member, Which is 
movable relative thereto. In this embodiment, the above 
mentioned holding means are for instance associated With 
the movable member of the clamping means and are mov 
able, When the clamping movable member is in its operative 
position, betWeen a forWard grasping position and a rear 
Ward holding position. 

[0015] Finally, the invention is also directed to a clamping 
device taken alone, Which can be used to clamp in position 
tWo overlapped metal sheets to be Welded and having the 
features Which have been already indicated above. The 
holding means associated With the clamping movable mem 
ber are movable, When the clamping movable member is in 
its operative position, betWeen a forWard grasping position 
and a rearWard holding position, in Which they are able to 
hold the second sheet spaced apart from the ?rst sheet. As 
already indicated the holding means may be in form of one 
or more vacuum cups, or may be magnetic-type holding 
means or the like. In the former case, actuating means may 
be provided to drive the movement of the suction cup means 
betWeen the forWard position and the rearWard position. 
Alternatively, the suction cup means are provided so as to 
include a suction cup portion carried at the end of a 
belloW-like tubular stem serving for communication of the 
suction cup to a vacuum source, so that When vacuum is 
communicated to the suction cup to enable the second sheet 
to be grasped, the belloW-like stem is contracted, causing the 
movement of the suction cup toWards its rearWard position, 
in Which the sheet, after it has been grasped, is kept in a 
condition spaced apart from the other sheet. 

[0016] Naturally, the possibility is not excluded to provide 
clamping devices of a completely different type, such as 
devices provided With grasping means able to engage both 
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the ?rst sheet and the second sheet. It is also possible to 
provide a clamping device, in Which, instead of a support 
and a movable member, tWo members are provided, Which 
are both movable, each provided With respective holding 
means. 

[0017] Furthermore, also the grasping means can be made 
in any Way different from that has been described above, 
While the principle remains Which is at the basis of the 
invention, Which is that of holding the tWo sheets clamped 
in a position slightly spaced apart from each other during the 
Welding operation. 
[0018] Further features and advantages of the invention 
Will become clearly apparent from the description Which 
folloWs With reference to the annexed draWings, given 
purely by Way of non-limiting example, in Which: 

[0019] FIG. 1 is a perspective vieW, Which diagrammati 
cally shoWs the Welding method according to the invention, 

[0020] FIG. 2 is a diagrammatic side vieW of an embodi 
ment of a clamping device according to the invention, in its 
inoperative position, 

[0021] FIG. 3 is a cross-sectional vieW taken along line 
III-III of FIG. 2, 

[0022] FIG. 4 shoWs the clamping device of FIG. 2 in its 
operative condition, With the suction cup members in their 
forWard grasping position, 

[0023] FIG. 5 is a cross-sectional vieW taken along line 
V-V of FIG. 4, at an enlarged scale, 

[0024] FIG. 6 shoWs the clamping device of FIG. 1 in its 
operative condition, With the suction cup holding members 
in their rearWard position, in Which the tWo sheets to be 
Welded are held spaced aWay from each other, 

[0025] FIG. 7 is a cross-sectional vieW taken along line 
vn-vn of FIG. 6, 

[0026] FIG. 8 is a vieW at an enlarged scale of a detail of 
FIG. 7, Which refers to a ?rst embodiment of the suction cup 
holding means, 

[0027] FIG. 9 shoWs a variant of FIG. 8, in the inopera 
tive condition, 

[0028] FIG. 10 shoWs the solution of FIG. 9 in its 
operative condition, and 

[0029] FIG. 11 is a further vieW corresponding to that of 
FIG. 7, Which shoWs the Welding method according to the 
invention. 

[0030] In FIG. 1, reference numerals 1, 2 respectively 
designate tWo sheet elements of Zinc-plated steel forming 
part of a motor vehicle body. The elements 1, 2 have planar 
parallel and overlapped ?anges 1a, 2a, Which are Welded to 
each other at Welding sections W, by means of a laser beam 
L (Which is focused by a device Which is not illustrated), 
Which moves relative to sheets 1, 2. According to the 
invention, during Welding, ?anges 1a, 2a are clamped in 
position by means of one or more clamping devices 3, Which 
hold the ?anges 1a, 2a in a slightly spaced apart position 
relative to each other. To this end, each clamping device 3 
comprises a support 4, Which de?nes a reference and sup 
porting surface for ?ange 2a, and a movable member 5, 
Which is rotatably mounted With respect to support 4 around 
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an axis 6 between an inoperative position (not shoWn in 
FIG. 1) and an operative position (shoWn in FIG. 1) in 
Which the movable member 5 de?nes a reference and 
supporting surface 5a for ?ange 1a. In the illustrated opera 
tive position of the movable member 5, the reference and 
supporting surfaces 4a, 5a, Which are respectively de?ned 
by support 4 and movable member 5, are spaced aWay from 
each other of a length greater than the sum of the thickness 
dimensions of ?anges 1a, 2a of sheets 1, 2. Each movable 
member 5 is provided, in the case of the illustrated example, 
With tWo holding members 7, Which Will be illustrated more 
in detail in the folloWing, Which can be for eXample of the 
suction cup type or of magnetic-type. The holding members 
7 are movable With respect to the movable member 5, When 
the latter is in its illustrated operative position, betWeen a 
forWard position, in Which they grasp the ?ange la after that 
this ?ange has been preliminary overlapped in contact With 
?ange 2a, and a rearWard position (displayed upWardly With 
reference to FIG. 1), in Which the holding members keep 
?ange 1a in contact With the reference and supporting 
surface 5a of each movable member 5. In this condition, the 
tWo ?anges 1a, 2a are slightly spaced apart from each other, 
so as to de?ne a gap G through Which the Zinc vapours, 
Which are formed during Welding, can escape. 

[0031] FIGS. 2, 3 shoW the clamping device 5 more in 
detail, With reference to the embodiment making use of 
suction cup holding members. These ?gures relate to the 
inoperative position of the clamping device. As shoWn, the 
support 4 is a support de?ning a reference and supporting 
surface 4a for ?anges 1a, 2a, the position of Which in space 
is determined. The movable member 5 is pivotally con 
nected around aXis 6 to a fork-shaped end support 4. The 
anneXed draWings do not shoW the actuating means, Which 
are used for controlling rotation of the movable member 5 
With respect to support 4. These means can be made in any 
knoWn Way and can be for eXample in form of a ?uid 
cylinder, or of an electric actuator. These details of con 
struction are not included in the present description, since 
they can be provided, as already indicated, in any knoWn 
Way and moreover since these details, taken alone, do not 
fall Within the scope of the invention. Finally, the deletion of 
these details of construction from the draWings renders the 
latter simpler and easier to understand. 

[0032] Reverting to FIGS. 2, 3, each movable member 5, 
in the illustrated eXample, is provided With tWo holding 
members 7 each constituted by a suction cup 7a, Which is to 
be put in communication With a vacuum source (not shoWn) 
through a tubular stem 7b. Stem 7b is movable along its aXis 
With respect to the movable member 5 so that, When the 
movable member 5 is in its operative position shoWn in FIG. 
1, the suction cup 7a is movable betWeen a forWard grasping 
position for grasping ?ange 1a and a rearWard position 
(displayed upWardly With reference to FIG. 1) for holding 
?ange 1a in a position spaced apart from ?ange 2a. 

[0033] FIG. 4 shoWs the structure of FIG. 2 in the 
operative condition of the movable member 5, With the 
holding members 7 in their forWard condition. 

[0034] FIG. 5 is a cross-sectional vieW taken along line 
Figure V-V of FIG. 4. The clamping device is arranged so 
that the operative position of the movable member 5 is 
precisely pre-determined and is de?ned by stop means of 
any knoWn type (not shoWn) de?ned betWeen support 4 and 
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movable member 5. In other Words, differently from What 
happens in knoWn systems, the movable member 5 is not 
rotated to a position in Which it presses the tWo ?anges 1a, 
2a against each other. As clearly shoWn in FIG. 5, When the 
movable member 5 is in its operative position, the reference 
and supporting surface 5a of the movable member 5 is 
parallel and facing the reference and supporting surface 4a 
of support 4. HoWever, the distance D betWeen these sur 
faces is greater than the sum of the thickness dimensions S1, 
S2 of the tWo ?anges 1a, 2a. 

[0035] As shoWn in FIG. 2, When the clamping device 3 
is in its inoperative condition, the tWo ?anges 1a, 2a are 
overlapped in contact With each other over the reference 
surface 4a of support 4. With reference to FIG. 5, When the 
movable member 5 is brought to its operative condition, the 
section cups 7a are brought to their forWard grasping 
condition, in Which they enter in contact With the upper 
surface of ?ange 1a. In this condition, the suction cups 7a 
can be pressed against the ?ange 1a and the vacuum can be 
communicated thereto through the tubular stems 7b. These 
stems are then driven so as to move rearWardly (i.e. 
upWardly With reference to FIG. 5) so that the ?ange 1a 
grasped by the suction cups is brought in contact With the 
reference and supporting surface 5a of the movable member 
5. This condition is visible in FIGS. 6, 7. 

[0036] The anneXed draWings do not shoW in detail the 
means used for driving the movement of the suction cup 
devices 7 betWeen their forWard grasping position and their 
rearWard position. By Way of eXample, and diagrammati 
cally, FIG. 8 shoWs a case in Which the tubular stem 7b is 
connected to a holloW body 8, Whose cavity 9 communicates 
With a vacuum source. This stem 7a is rigidly connected to 
the holloW body 8 and the latter is instead movable With 
respect to the movable member 5 by means of any control 
devices (not shoWn) FIGS. 9, 10 shoW a variant in Which the 
tubular stem 7b is in form of a belloW so that When the cavity 
of the suction cup is put in communication With the vacuum 
source, the belloW-like stem 7b is contracted causing a 
rearWard displacement of the suction cup 7a. 

[0037] FIG. 11 is a vieW corresponding to that of FIG. 7, 
Which shoWs hoW Welding is carried out While sheets 1a, 2a 
are kept spaced apart from each other in the Way Which has 
been described above. As shoWn in the sections Where the 
laser beam L is directed, the gap G is ?lled by the melted 
bath of the Welding area W, Which then solidi?es upon 
cooling. In the remaining sections, instead, betWeen the 
sheets there remains the gap G. Which enables the Zinc 
vapours, Which are created during Welding, to escape With 
out giving rise to any Welding defects. 

[0038] Naturally, as already indicated many times in the 
foregoing, in lieu of the suction cup holding means, it Would 
be possible to use magnetic-type means, or any other type of 
holding means. It Would also be possible to provide holding 
means for both the members of the clamping device, in order 
to hold all the sheets. Furthermore, the clamping device 
could have both its elements movable betWeen an opened 
and a closed condition. The entire structure of the clamping 
device could be then provided With the possibility of a 
limited adjusting movement, for self centering on the area of 
the structure to be Welded. 

[0039] Finally, While the principle of the invention 
remains the same, the details of construction and the 
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embodiments may Widely vary With respect to What has been 
described and illustrated purely by Way of example, Without 
departing from the scope of the present invention. 

1. Method for laser Welding of tWo metal sheets, Which 
are overlapped With each other, 

Wherein at least one of the sheets has a protective layer on 
its surface in contact With the other sheet, said protec 
tive layer being made of a material having a vaporiZa 
tion temperature loWer than the melting temperature of 
the material forming the sheet, 

Wherein the sheets to be Welded are clamped With each 
other during the Welding operation With the aid of 
clamping means, and 

Wherein Welding is carried out by directing a laser beam 
to the Welding area of the clamped overlapped sheets, 

Wherein Welding is carried out by holding the sheets 
slightly spaced apart from each other at the Welding 
area by means of said clamping means, so that the 
vapours of protective material, Which are created dur 
ing Welding, can escape through the gap de?ned by the 
sheets. 

2. Welding method according to claim 1, Wherein one of 
the sheets is held in said condition spaced apart from the 
adjacent sheet With the aid of holding means. 

3. Welding method according to claim 2, Wherein the 
holding means are selected among vacuum cups or mag 
netic-type holding means. 

4. Welding method according to claim 2, Wherein said 
clamping means include a support de?ning a reference and 
supporting surface for a ?rst sheet and a clamping member 
movable With respect to the support betWeen an inoperative 
position and a pre-determined operative position, in Which 
said movable member de?nes a reference and supporting 
surface for the second sheet, the supporting surface on the 
movable member facing, in this operative condition, the 
supporting surface on the support and being spaced apart 
therefrom of a length greater than the sum of the thickness 
dimensions of the sheet to be Welded. 

5. Welding method according to claim 4, Wherein both 
sheets are initially positioned, overlapped With each other, 
over the reference and supporting surface of the support, 
With the clamping movable member in its inoperative posi 
tion, Whereupon the clamping movable member is moved to 
its operative position, so as to bring the supporting surface 
of the movable member to face that of the support, With the 
second sheet still resting over the ?rst sheet and spaced apart 
from the supporting surface of the movable member, said 
second sheet being ?nally grasped and held against said 
supporting surface of the movable member With the aid of 
said holding means so as to space it from the ?rst sheet. 

6. System for laser Welding of tWo metal sheets, Which are 
overlapped With each other, 

Wherein at least one of the sheets has a protective layer on 
its surface in contact With the other sheet, said protec 
tive layer being made of a material having a vaporiZa 
tion temperature loWer than the melting temperature of 
the material forming the sheet, 

said device comprising clamping means for clamping the 
sheets to be Welded in position during the Welding 
operation, and 
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means for directing a laser beam to the Welding area of the 
clamped overlapped sheets, 

Wherein said clamping means are provided to hold the 
sheets slightly spaced apart from each other in the 
Welding area during the Welding operation, so that the 
vapours of protective material, Which are created dur 
ing Welding, can escape through the gap de?ned 
betWeen the tWo sheets. 

7. Welding method according to claim 6, Wherein said 
clamping means include holding means selected among 
vacuum cups and magnetic-type holding means, to keep at 
least one of the sheets in said spaced condition from the 
adjacent sheet. 

8. Welding system according to claim 7, Wherein there are 
provided holding means for each sheet. 

9. Welding system according to claim 7, Wherein said 
clamping means comprise a support de?ning a reference and 
supporting surface for a ?rst sheet and a clamping member 
movable With respect to the support betWeen an inoperative 
position and an operative pre-determined position, in Which 
said movable member de?nes a reference and supporting 
surface for the second sheet, the supporting surface of the 
movable member facing in this operative condition the 
supporting surface of the support and being spaced there 
from of a length greater than the sum of the thickness 
dimensions of the sheets to be Welded. 

10. Welding system according to claim 9, Wherein said 
holding means are associated With the movable member of 
the clamping means and are movable, When the clamping 
movable member is in its operative position, betWeen a 
forWard grasping position and a rearWard holding position. 

11. Device for clamping in position tWo overlapped metal 
sheets to be Welded, Wherein it comprises: 

a support de?ning a reference and supporting surface for 
a ?rst sheet, 

a clamping member movable With respect to the support 
betWeen an inoperative position and an operative pre 
determined position, in Which said movable member 
de?nes a reference and supporting surface for the 
second sheet, the supporting surface of the movable 
member facing in this operative condition the support 
ing surface of the support and being spaced therefrom 
of a length greater than the sum of the thickness 
dimensions (S1, S2) of the sheets to be Welded, and 

holding means associated With the clamping movable 
member and movable, When the clamping movable 
member is in its operative position, betWeen a forWard 
grasping position and a rearWard holding position, in 
Which they are able to hold the second sheet spaced 
from the ?rst sheet and in contact With said reference 
and supporting surface of the clamping movable mem 
ber. 

12. Clamping device according to claim 11, Wherein said 
holding means comprise section cup means movable With 
respect to the clamping movable member betWeen said 
forWard position and said rearWard position. 

13. Clamping device according to claim 11, Wherein it 
comprises actuating means for controlling movement of the 
section cup means betWeen the forWard and rearWard posi 
tions. 

14. Clamping device according to claim 11, Wherein said 
section cup means include a suction cup portion carried at 
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the end of a belloW-type tubular stem serving for commu 
nicating With a vacuum source, so that When the suction cup 
portion is connected to the vacuum source to grasp the 
second sheet the belloW-like stem is contracted, causing 
movement of the section cup toWards its rearWard position. 

15. Clamping device according to claim 11, Wherein also 
support is provided With holding means. 

16. Clamping device according to claim 11, Wherein the 
holding means are of magnetic type. 
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17. Clamping device according to claim 11, Wherein also 
said support is movable betWeen an inoperative position and 
an operative position. 

18. Clamping device according to claim 11, Wherein the 
Whole structure of the device is provided With the possibility 
of a limited adjusting movement for self-centering on the 
structure to be Welded. 


